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INTRODUCTION
The current national dialogue on the cost-effectiveness of 

medical care has forced experts to reexamine the traditional 
outpatient medical care model. This model dictates that within 
a time period ≤ 1 h for an initial evaluation, a patient is ex-
pected to convey symptoms and a medical history that are 
meaningful and relevant for diseases, including comorbidities 
that are frequently complex, so that the clinician can establish 
a differential diagnosis. The clinician, in turn, must effectively 
and appropriately diagnose and treat the patient’s condition 
while simultaneously addressing patient questions and commu-
nicating detailed treatment plans.

Significant limitations have been identified with the tradi-
tional model. Frequently, the advantages and availability of 
new technologies for home-based diagnostic testing and elec-
tronic access to diagnostic and treatment results are not made 
available or effectively communicated to patients. Prescribed 
treatment plans are often not personalized, not communicated 
via clearly written instructions, and patients’ questions are not 
adequately addressed. The provider and patient may not have 
complete access to subjective and/or objective records for as-
sessing treatment outcomes. In addition, the diagnostic and 
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treatment plan may not be fully communicated to, or discussed 
with, the patient’s primary care physician (PCP).

The Patient-Centered Outcomes Research Institute (PCORI)-
supported Sustainable Methods, Algorithms, and Research 
Tools for Delivering Optimal Care Study (SMART DOCS) 
that commenced on September 30, 2013 is designed to pro-
vide new solutions to limitations in the traditional outpatient 
medical care model. The overarching goal of SMART DOCS 
is to meet these challenges by introducing and testing a new 
approach for the future practice of sleep medicine, which is de-
signed to provide better care and improve the health of patients 
while controlling costs, and could be practically implemented 
within academic institutions, hospitals, private practices, free-
standing sleep centers, and rural communities. This future 
practice would employ a novel Patient-Centered Outcomes and 
Coordinated-Care Management (PCCM) approach that would 
serve as a new outpatient care delivery model for patients with 
sleep disorders. Cutting-edge tools are available to provide 
more accurate and rapid diagnoses; technology allows patients 
to have access to more information, resources, and data about 
their sleep disorders, comorbidities, risks associated with and 
without treatment, and management strategies so that they can 
make more informed health care decisions. Better communica-
tion between patients, referring clinicians, and sleep special-
ists (i.e., individuals who received specialized training in sleep 
medicine typically following postgraduate training in a medical 
specialty) can assist patients in achieving their preferred out-
comes. “The Future of Sleep Medicine,”1 a 2011 article written 
by six authors (two of whom are SMART DOCS team mem-
bers) as well as a recent editorial2 and American Academy of 
Sleep Medicine-sponsored conference (Sleep Medicine: Future 
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Models of Care, November 16–17, 2013) highlight the need 
for this type of new model that will ensure better access to 
care and improved outcomes for patients. The new PCCM ap-
proach for sleep medicine will be tested against a Conventional 
Diagnostic and Treatment Outpatient Medical Care (CONV) 
approach with assessment of healthcare performance, health 
status, and cost control. Moreover, we believe that components 
of this approach are also applicable and extensible to other dis-
ciplines of medicine.

Our goal in describing this new approach is to encourage dis-
cussion within the sleep medicine community on this approach 
as well as other approaches to sleep medicine care. It is the 
authors’ intent to stimulate dialogue among sleep medicine cli-
nicians, allied health personnel, organizational leadership, and 
industry to ensure that the field of sleep medicine continues 
to evolve and advance toward becoming more efficient, out-
comes-based, and patient oriented.

KEY COMPONENTS OF THE PATIENT-CENTERED OUTCOMES 
AND COORDINATED-CARE MANAGEMENT (PCCM) APPROACH

In the development of a new outpatient care delivery model 
for sleep medicine, we identified the following specific areas of 
focus for the PCCM approach that are expected to improve both 
clinical practice and patient experience of care.

Standardized Intake/Screening
There is a general lack of standardized intake/screening 

questionnaires, which assess the patient’s sleep patterns and 
habits, medical conditions, medications that influence sleep 
quality/quantity, and level of daytime sleepiness that are used 
during an initial sleep medicine consultation. Each practice 
typically administers their own combination of different tools 
that vary in length and completion times; however, this ap-
proach makes the sharing of the results between practices more 
complicated due to dissimilar information gathered from the 
patients in each practice. We will administer the Alliance Sleep 
Questionnaire (ASQ) to our clinic patients in the PCCM arm, 
which is a novel electronic questionnaire developed through ef-
forts led by Dr. Emmanuel Mignot and tested by the Academic 
Alliance for Sleep Research (a consortium composed of sleep 
centers at Stanford University, Harvard University, University 
of Pennsylvania, and University of Wisconsin-Madison). The 
ASQ is innovative because it: (1) is a standardized instrument, 
in which the content was selected by consensus among leaders 
in our field; (2) combines several relevant and important health-
related domains to comprehensively assess the patient’s overall 
health status including sleep problems; (3) is online and thus 
can be easily accessed by patients; (4) uses branching-logic al-
gorithms, thus making more efficient use of patients’ time; (5) 
can be used to assess longitudinal outcomes and incorporates 
disorder severity scales; and (6) generates a report for the sleep 
specialist that provides a list of predicted potential diagnoses 
for the patient in advance of the patient’s initial visit. Use of the 
ASQ supports a more personalized patient approach beginning 
with the initial evaluation because the specialist can review the 
ASQ report prior to the patient visit, which organizes the perti-
nent patient information in a manner that enables the clinician 
to more efficiently diagnose the patient’s condition. The ASQ 
integrates existing scales and questionnaires, many of which 

have been previously validated: Epworth Sleepiness Scale 
(ESS),3,4 Multivariate Apnea Risk Index (MAP Index),5 Fatigue 
Severity Scale (FSS),6 Functional Outcomes of Sleep Ques-
tionnaire (FOSQ),7 Insomnia Severity Index (ISI),8 Insomnia 
Symptom Questionnaire (ISQ),9 Reduced Hörne and Östberg 
Morningness-Eveningness Questionnaire (rMEQ),10 General-
ized Anxiety Disorder 7-item (GAD-7) Scale,11 and Patient 
Health Questionnaire (PHQ-9).12 The narcolepsy module of the 
ASQ has been recently validated,13 and the restless legs and pa-
rasomnias module validations are currently in progress. Elec-
tronic questionnaires are gaining acceptance in clinical care; for 
example, use of a web-based questionnaire to generate data and 
questions about hormone therapy showed enhanced provider 
perception of patient engagement, relevance, and appropriate-
ness of discussion.14

New Technology, Tests, and Tools
Novel medical technologies are constantly being developed; 

the challenges are to identify which of these new innovations 
provide the greatest benefit to clinical practice and patient en-
gagement while being cost-effective, and thus are good can-
didates for rapid implementation in health care. For example, 
advancements in home-based technology allow us to use out-
of-center sleep and other testing in the patients’ homes for many 
patients. Use of this technology has the advantages of patient 
testing in a nonlaboratory setting and lower health care costs. 
We will also employ unique treatment adherence monitoring, 
using new technology and devices to objectively measure ad-
herence to therapy for common treatment modalities.15,16 This 
monitoring will enable clinicians to more accurately track their 
patients’ treatment adherence, and modify therapy as needed. 
Additionally, the MATRx device (Zephyr Sleep Technologies, 
Inc., Calgary, Alberta, Canada)17–20 will be used during in-lab-
oratory polysomnography (PSG, sleep study) to assess whether 
an oral appliance can effectively treat a patient’s obstructive 
sleep apnea and to initially titrate the oral appliance. This device 
is expected to identify treatment failures more rapidly because 
clinicians are provided information to better predict if a given 
patient will tolerate and benefit from an oral appliance, and to 
significantly shorten the adjustment duration (typically several 
months), because the oral appliance is optimized to control the 
patient’s sleep disordered breathing during the in-laboratory 
PSG. Portable devices (actigraphs, a wristband-like device that 
measures motor activity to estimate sleep-wake patterns) will 
also be used to measure certain longitudinal outcomes, such 
as changes in sleep-wake patterns over time with treatment. 
These actigraphs provide an objective assessment of outcomes 
to complement subjective sleep measures, such as sleep diaries 
and other questionnaires. For actigraphy, we will be using and 
further validating a device (UP24, Jawbone, San Francisco, CA, 
USA) that has been used to self-track sleep, diet, and exercise 
for extended periods of time; data from a separate validation 
study on a version of this device compared to PSG on 30 par-
ticipants at our institution has been collected and are now being 
analyzed. If the results of this validation study are negative for 
key outcome variables, we will revert to using conventional ac-
tigraphs for this study. Ambulatory blood pressure monitoring 
devices continuously measure blood pressure during sleep in 
patients who have borderline or definitive hypertension, and in 
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particular will help to identify blood pressure surges associated 
with movement and other events. These blood pressure data as-
sist the clinician in assessing the relationship between blood 
pressure changes with obstructive sleep apnea21,22 and periodic 
limb movement disorder,23–26 and in evaluating whether these 
blood pressure changes are improved with treatment over time. 
We will use dim-light melatonin onset (DLMO) assays to better 
characterize and diagnose complicated circadian rhythm sleep 
disorders.27–29 We will also collect blood samples from patients 
to identify known and future genetic markers as exploratory 
measures to more accurately diagnose sleep disorders in the 
future, and to assess risk factors of associated medical condi-
tions and comorbidities, such as checking glucose, insulin, and 
lipid levels for diabetic risk assessment and C-reactive protein 
for cardiovascular disease risk assessment. Emerging patient-
driven healthcare technology,30 such as electronic self-tracking, 
social networking methods, mobile technology, cloud ser-
vices, and telemedicine will be explored, as well as automated 
methods for scoring sleep, respiratory, and periodic limb move-
ments. We carefully selected these new technologies, tests, and 
tools, with the consideration of key factors such as patient ben-
efit, provider acceptance, cost, practicality, utility, ease of use, 
and data quality; in particular, our goal was that they could be 
implemented in any type of sleep practice without much dif-
ficulty. Many of these new technologies, tests, and tools will 
require an initial investment of funds, time, personnel, and 
training resources. However, we believe that these expendi-
tures will ultimately result in better, more patient-centered 
comprehensive care to patients as well as enhancement of com-
munication between patients, sleep specialists, and referring 
physicians, ultimately leading to fewer clinical visits, both at 
the sleep center and at PCP offices. Further, as the principal 
role that the in-laboratory PSG performs in most sleep centers 
diminishes over time, it is important that the portfolio of ser-
vices offered by the sleep center expands to more completely 
identify, diagnose, and manage sleep disorders and associated 
health-related issues and conditions for the patient.

Comanagement of Patients with Primary Care
With up to 70 million individuals in the United States affected 

by sleep problems,31 the current sleep medicine model encoun-
ters difficulties in managing all patients with these conditions. 
Additionally, only 30–50% of patients mention their sleep diffi-
culties during a primary care visit32 and providers neglect to ask 
their patients about sleep problems, so the prevalence of sleep 
disorders may be even higher than estimated. The PCCM ap-
proach relies on sleep specialists and allied health professionals 
(sleep medicine-trained nurses and sleep technologists) to as-
sist local PCPs in screening their patients for sleep disorders 
(e.g., providing education in identifying the key symptoms and 
signs of these disorders and questions to routinely ask their pa-
tients about their sleep problems), to provide feedback when 
the patients are candidates to be tested and managed by both 
the PCP and sleep specialist, to conduct out-of-center sleep 
testing and other testing either through the PCP office or the 
sleep center, to assist PCPs in the long-term management of 
sleep disorders (including cognitive behavioral treatments), 
and to aid in the follow-up care (e.g., positive airway pressure 
mask fittings) of patients at the PCP office and/or sleep center, 

all without increasing PCP burden. The sleep specialists, sleep 
medicine-trained nurses, and sleep technologists serve as a re-
source for sleep related information to the PCPs, and through 
their interactions with the PCPs, provide improved access for 
the comanagement of their patients. We believe that this co-
management approach enables greater identification of sleep 
disorders within the community, provides timelier and more 
efficient care than the current sleep medicine approach, and 
reserves specialty sleep medical care for complex patients. In 
addition, it will allow PCPs to play a greater role in the rec-
ognition and management of sleep disorders in their patients 
and allow patients to become more active participants in their 
health care.

Enhanced Patient-Provider Data and Information Sharing
Within the past decade there has been an increased emphasis 

on the importance of assessing patient satisfaction as a health-
care outcome. Patient access to personalized health-related 
information facilitates more informed decision making, which 
leads to greater patient satisfaction. To deliver this type of ac-
cess, we are creating a new secure, password-protected, online 
SMART DOCS web portal that will serve to meet personalized 
patient-centered needs and will be accessible to each patient 
24 h a day, 7 days a week. This web portal contains integrated 
information about a patient’s initial evaluation, tests, diagnoses, 
and treatments that are communicated with specific details, yet 
written in a clear and concise manner for a lay reader. This 
information will also be available as paper documents if the 
patient is without Internet access. The visit reports include tar-
geted information about his/her sleep disorder and individual 
treatment plan, especially with respect to improving efficacy, 
describing adverse effects, and next steps. The patient, special-
ists, and PCPs will have web portal access to the results ob-
tained from questionnaires, diagnostic testing, treatments, and 
adherence, so that the patient can recognize his/her successes 
or limitations with therapy and his/her role in improving the 
effectiveness of therapy through adherence. We expect that the 
enhanced record sharing of patient-specific information and re-
sults will provide substantial value to the patient, and we will 
be tracking the use of the web portal by each patient to assess 
its impact on outcomes. This web portal is built upon an ex-
isting reliable, secure, and extensible electronic informatics 
infrastructure developed during our Agency for Healthcare Re-
search and Quality (AHRQ)-supported Comparative Outcomes 
Management with Electronic Data Technology (COMET) 
Study, which in turn used tools and methods derived from our 
National Heart, Lung and Blood Institute-supported Apnea 
Positive Pressure Long-term Efficacy Study (APPLES).33,34 Ul-
timately, components of the web portal will be integrated within 
our institution’s electronic health record (EHR). We have dis-
cussed this integration with our medical center’s information 
technology (IT) leadership, and our IT team has constructed 
the web portal to ensure that it is complementary and not re-
dundant to Epic (Verona, WI, USA) software, which is one of 
the most common EHR software currently in use. Longitudinal 
outcomes data will be collected through a new patient registry 
that is a modified version of a patient registry proof-of-concept 
developed during the COMET Study. The registry data will be 
accessible through the web portal, which will enable providers 
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and patients to better collaborate in improving these outcomes 
by adjustment of therapy.

Patient Education
In addition to personalized reports, the new web portal will 

also contain educational information and resources about an 
array of sleep topics, including the most prevalent of the ap-
proximately 90 different sleep disorders. This library of docu-
ments and videos about sleep and its disorders is currently 
being developed by our team of stakeholders to provide the 
interested patient with added information, enabling more in-
formed decisions about their care. Further, we will hold free, 
small-group classes led by allied health professionals (sleep 
medicine-trained nurses and sleep technologists) that com-
prehensively cover the benefits and adverse effects of various 
treatment options. These classes will also encourage patients 
to ask questions and to serve as a forum for patients to relay 
successes or problems they have encountered with treatment. 
We have piloted this approach at our sleep center on a limited 
basis, and found it effectively supplements clinic visits with 
respect to patient understanding of management options and 
strengthening the patient-provider relationship. These classes 
will also be videotaped and provided online so that patients can 
view them when they desire.

DESCRIPTION OF THE PCCM APPROACH

Initial Evaluation
Conventionally, the sleep specialist captures medical history 

and physical examination data during an initial evaluation, with 
an emphasis on signs and symptoms of sleep disorders, as well 
as existing medical conditions. The patient is usually given one 
or more preliminary diagnoses belonging to the following six 
major diagnostic categories: sleep related breathing disorders, 
hypersomnias, insomnias, circadian rhythm sleep disorders, 
parasomnias, and/or sleep related movement disorders. In the 
PCCM approach, if the patient is suspected of having a sleep 
disorder, the patient will either be referred to a sleep specialist, 
or evaluated by the PCP with the assistance from the sleep spe-
cialist or sleep medicine-trained nurse. The ASQ will be com-
pleted either online or by electronic tablets in the waiting room 
prior to the sleep evaluation. Upon review of the ASQ report 
by the clinician, and taking into consideration all the informa-
tion collected, the patient will be given one or more preliminary 
sleep disorder diagnoses.

Diagnosis and Treatment

Sleep Related Breathing Disorders
In the conventional approach, the patient undergoes diag-

nostic testing that consists of an in-laboratory PSG or out-of-
center sleep test (OCST) to confirm the diagnosis and to assess 
the severity of the disorder.35,36 At a follow-up visit, the PSG or 
OCST results are reviewed with the patient, and if the patient 
has a sleep related breathing disorder, treatment options are 
discussed, treatment is initiated, and the patient’s progress is 
monitored through follow-up visits and PSGs or OCSTs. In the 
PCCM approach, a patient with a high pretest probability of a 
moderate to severe sleep related breathing disorder, but without 

suspicion of hypoventilation, central apnea, or serious cardiac, 
pulmonary, or neuromuscular disease, will have OCST37 using 
a Level III (unattended modified portable sleep apnea testing, 
minimum of four channels including ventilation, heart rate or 
electrocardiography, and oxygen saturation)38,39 device (SOM-
NOtouch RESP, SOMNOmedics GmbH, Randersacker, Ger-
many; ApneaLink Plus, ResMed, San Diego, CA, USA; Nox 
T3 Sleep Monitor, Nox Medical, Reykjavík, Iceland) set up by 
the sleep technologist at either the sleep center or the PCP office. 
The patient will be provided the OCST device and instructed on 
its use by the sleep technologist; the patient will then use the 
device at home, and return the device the next day. The data 
will be downloaded, reviewed, and scored by the technologist, 
and a sleep specialist will examine the scored data and generate 
a report. If the OCST shows evidence of OSA, a management 
plan will be developed by the sleep specialist, and this plan and 
details from the report will be available to the PCP and patient 
through the SMART DOCS web portal.

If the patient does not meet the aforementioned criteria for 
OCST, the OCST is negative despite a high clinical suspicion 
for OSA, or there are patient- or technical-related issues re-
garding the OCST, an in-laboratory PSG will be conducted. At 
the follow-up visit, PSG results and treatment options are dis-
cussed with the patient by the sleep specialist; these results are 
also available to the PCP and patient through the web portal.

Additionally, the following diagnostic and therapeutic tools, 
methods, and algorithms will be employed as necessary in the 
PCCM approach:

• Continuous overnight blood pressure assessment with 
a portable device (SOMNOtouch NIBP Blood Pressure 
Recorder,40–43 SOMNOmedics GmbH) will be conducted 
during both diagnostic and follow-up (e.g., positive 
airway pressure [PAP] titration, postsurgical) OCSTs and 
in-laboratory PSGs if the patient has borderline or defini-
tive hypertension. Overnight blood pressure data will pro-
vide additional insight into each individual’s OSA-related 
cardiovascular risk. We may also obtain C-reactive pro-
tein from a blood draw as another measure of cardiovas-
cular risk.

• Because of the increased risk of diabetes in patients with 
OSA, we may collect a blood sample from patients in 
whom diabetes has not been previously diagnosed to mea-
sure glucose, insulin, and lipid levels.

• For patients who elect to try PAP therapy and who do not 
have hypoventilation or serious cardiopulmonary disease, 
an autoadjusting positive airway pressure (APAP) device 
will be prescribed to identify the optimal treatment pres-
sure during home use.44 Reports regarding efficacy, air 
leak from the device or surrounding the mask, and adher-
ence are available from the device manufacturers, and the 
relevant patient-provider outcome data will be uploaded 
to the secure web portal for access by the patient, his/her 
PCP, and sleep specialist. For patients who have compli-
cated sleep related related breathing disorders or serious 
comorbidities, a PAP titration in-laboratory PSG will be 
conducted and an APAP device will be prescribed based 
on the results of the study. Treatment modifications (e.g., 
pressure adjustment) can be made remotely by the pro-
vider if necessary. A sleep medicine follow-up visit will 
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occur within a few weeks of starting therapy, and the pa-
tient’s APAP data will be reviewed on a regular basis (i.e., 
every few weeks) until the patient is stable.

• If the patient declines PAP treatment and elects upper 
airway surgery, the patient will be referred to an otolar-
yngologist. Approximately 3 mo following surgery, the 
sleep specialist will order a postsurgical sleep study, ei-
ther OCST or in-laboratory PSG, to assess surgical ben-
efit. Key results from the OCST or PSG report will be 
exported to the secure web-based portal accessible to the 
patient and his/her clinicians. The need for additional 
treatment, if any, will be reviewed with the patient by the 
sleep specialist.

• If the patient decides to try an oral appliance, the patient 
will be referred to a dentist for evaluation and determina-
tion of a range of mandibular protrusion that may be suit-
able to treat the patient’s OSA. The patient will then be 
scheduled for an in-laboratory PSG using the MATRx de-
vice (Zephyr Sleep Technologies, Inc., Calgary, Alberta, 
Canada), which enables the dentist to target the patient’s 
protrusive position for optimal treatment of OSA and also 
if the patient can be effectively treated with an oral appli-
ance.17–20 If OA therapy is expected to be effective, a per-
manent appliance will be constructed with an innovative 
temperature-sensitive sensor (TheraMon, Handelsagentur 
Gschladt, Hargelsberg, Austria) embedded within the ap-
pliance by the dentist to objectively monitor adherence 
over time.15,16 These data can be downloaded from the 
sensor and a report will be uploaded to the secure web 
portal. If needed, the patient may later undergo either 
OCST or in-laboratory PSG while wearing the oral ap-
pliance to further assess efficacy and the potential need 
for further adjustments to the appliance. Results from the 
PSG, OCST, and adherence reports will be uploaded to 
the secure web portal for review by the patient, dentist, 
PCP, and sleep specialist for treatment modification.

• Other sleep related breathing disorder treatment options 
such as Winx (ApniCure, Redwood City, CA, USA), 
Provent (Theravent, Inc., San Jose, CA, USA), genio-
glossus stimulation, bariatric surgery, oxygen therapy, or 
auto or adaptive servoventilation are also available to pa-
tients (as in the case of the conventional approach).

• Blood samples will be collected to identify possible ge-
netic markers for OSA.

Narcolepsy or Other Hypersomnias
Conventionally, a patient with an initial evaluation indica-

tive of disorders of excessive sleep and sleepiness typically 
undergoes diagnostic testing for narcolepsy (e.g., PSG with a 
multiple sleep latency test [MSLT] or cerebrospinal fluid [CSF] 
hypocretin levels). The patient may be prescribed medications, 
and is assessed through regular follow-up visits. In the PCCM 
approach, a patient with symptoms of these disorders identified 
at either the sleep center or PCP office will undergo diagnostic 
testing at the sleep center. Instead of always proceeding with an 
MSLT or CSF hypocretin as in the conventional approach, we 
will use a short rapid eye movement (REM) latency during the 
in-laboratory PSG to assist in a diagnosis of narcolepsy. Diag-
nostic criteria typically mandate an MSLT or CSF hypocretin 

levels; however, recent evidence accommodated in the revised 
classification of sleep disorders shows that detecting a short 
REM latency (≤ 15 min) during a sleep study may alleviate the 
need for 2 MSLT sleep-onset REM periods (specificity = 99.2%, 
sensitivity 50.6%).45 CSF hypocretin may be needed in equiv-
ocal cases or with < 2 sleep-onset REM periods. Sleep diaries 
and actigraphy will be used to aid in the objective assessment 
of the quality and quantity of sleep as well as changes in sleep-
wake cycles over time and following treatment. Blood samples 
will be collected to identify possible genetic markers for narco-
lepsy, and will include human leukocyte antigen (HLA) typing. 
The patient, sleep specialist, and PCP will have access to the 
reports through the secure web portal, and the patient will have 
follow-up visits at regular intervals.

Insomnia and/or Circadian Rhythm Sleep Disorders
In the conventional approach, if a patient has an initial 

evaluation consistent with insomnia or circadian rhythm sleep 
disorders, he or she is managed medically and/or with cogni-
tive behavioral therapy for insomnia.46 The patient completes 
sleep diaries to document sleep-wake patterns at baseline and 
throughout treatment, and returns for regular follow-up visits. 
In the PCCM approach, we will employ a stepped care algo-
rithm, in which a patient with symptoms consistent with an 
uncomplicated insomnia disorder (i.e., free of comorbid psy-
chiatric disorders) will be provided the choice of undergoing 
mobile-based cognitive behavioral treatment for insomnia 
(CBTI) or brief CBTI47 by the sleep medicine-trained nurse at 
the PCP office. The mobile-based CBTI program (SleepRate, 
Palo Alto, CA, USA) provides a personalized sleep improve-
ment plan using a CBTI protocol that is based on CBTI im-
plemented at Stanford University. For the nurse-administered 
brief CBTI, the nurse, trained to competency by sleep center 
insomnia specialists, will deliver in-person individual treat-
ment. Studies demonstrate that CBTI can be successfully ad-
ministered in the primary care setting by nurses, physicians, 
or psychologists, with effect sizes that are roughly equiva-
lent to those found in meta-analytic studies of CBTI in the 
general population.46,48–51 Complicated insomnia cases and 
patients requiring additional treatment after brief in-person or 
mobile-based CBTI will be referred to the sleep specialist or 
psychologist for continued care. A patient who has symptoms 
consistent with an uncomplicated circadian rhythm sleep dis-
order will be managed by a sleep specialist using medications, 
carefully timed light exposure, and behavioral techniques. 
For a patient with a complex circadian rhythm sleep disorder, 
DLMO assays (Salimetrics, Carlsbad, CA, USA) will be con-
ducted on saliva samples obtained at 30-min intervals for 5 h 
prior to the usual bedtime during an in-laboratory PSG. Blood 
samples will be collected to identify possible genetic markers 
for insomnia and circadian rhythm sleep disorders. For both 
insomnia and circadian rhythm sleep disorders, longitudinal 
outcomes will be assessed by sleep diaries and actigraphy. 
The patient, sleep specialist, and PCP will have access to 
information from the longitudinal actigraphy reports on the 
secure web portal, and the patient will have regular follow-
up visits. In cases where comorbid insomnia is present, the 
circadian rhythm sleep disorder will be managed prior to de-
livering CBTI.
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Parasomnias
Conventionally, a patient with an initial evaluation consistent 

with a parasomnia diagnosis undergoes an in-laboratory PSG to 
identify and record the abnormal behavior and to rule out other 
possibilities (e.g., seizures), receives therapeutic and safety in-
formation, may be prescribed medications, and is monitored 
through regular follow-up visits. In the PCCM approach, a pa-
tient presenting with parasomnia symptoms will undergo actig-
raphy and an in-laboratory PSG or alternatively an OCST Level 
II (unattended comprehensive portable PSG)38,39 device with 
video monitoring to identify and record the abnormal behavior 
(e.g., sleepwalking, sleep terrors) and possibly the precipitant(s). 
Blood samples will be collected to identify possible genetic 
markers for parasomnias. The patient will receive information 
about his/her condition and precautions through the web portal, 
and may be prescribed medication by the sleep specialist to treat 
the condition. Via the web portal, the patient, sleep specialist, 
and PCP will also have access to findings from the sleep study 
reports and summaries of regular follow-up visits.

Sleep Related Movement Disorders
Using the conventional approach, when a patient has an ini-

tial evaluation consistent with a sleep related movement dis-
order, he/she may undergo an in-laboratory PSG to confirm the 
diagnosis, receive ancillary testing (e.g., ferritin levels), and 
be medically managed. In the PCCM approach, if a patient 
is suspected of having restless legs syndrome and/or periodic 
limb movement disorder, the patient may wear a portable limb 
movement recorder (SOMNOtouch NIBP with Periodic Limb 
Movement Recorder, SOMNOmedics GmbH), at home or in 
the laboratory to measure the frequency and duration of leg 
movements to confirm the diagnosis. A patient may also wear 
the limb movement recorder at regular intervals to objectively 
measure treatment response. The limb movement recorder 
also continuously measures and records blood pressure to as-
sess potential periodic limb movement-related blood pressure 
spikes,23–26 which can provide further data for the patient, spe-
cialist, and PCP regarding possible cardiovascular associations 
with this condition. Patients with restless legs syndrome will 
also have ferritin levels checked to assess iron deficiency, as in 
the conventional approach. Blood samples will be collected to 
identify possible genetic markers for sleep related movement 
disorders. The patient, sleep specialist, and PCP will have ac-
cess to longitudinal reports and visit summaries on the secure 
web portal, and the patient will have regular follow-up visits.

EVALUATING THE PCCM APPROACH

Study Design
The central question to be answered by SMART DOCS is 

whether a new PCCM approach for sleep medicine provides 
better care, from the patient perspective, and improves the health 
of patients while controlling costs as compared to a CONV ap-
proach. Thus, a randomized comparative effectiveness trial has 
been designed and will be conducted to inform health care deci-
sions by providing evidence on patient-centered outcomes for 
these two different approaches of delivering outpatient sleep 
medical care. The CONV Arm is defined as the standard ap-
proach by which providers in a typical sleep medicine outpatient 

clinic manage their patients. Our study follows the standard 
methods and procedures for the management of the aforemen-
tioned sleep disorders, many of which were developed and 
published as practice parameters by the American Academy of 
Sleep Medicine (AASM) to guide the diagnosis and treatment 
of patients with sleep disorders. The PCCM Arm is defined as 
an approach that enables providers and patients access to spe-
cific and relevant information and resources, thereby allowing 
patients to make more informed health care decisions and pro-
viders to assist patients in achieving their preferred outcomes 
(described previously for each disorder). We will enroll 1,833 
new patients to randomly assign 1,506 patients at a 50/50 ratio 
to each of these two management arms (Figure 1, Table 1), using 
a permuted block design52 (see sections on Sample Size Estima-
tion, Statistical Methodology for Data Analyses, and Possible 
Limitations in the supplemental material).

Population
The patients who are eligible for this study are consecutive 

new clinical outpatients ≥ 18 y of age who have a possible sleep 
disorder. In order to have a study population representative of a 
typical clinic population, there are no exclusion criteria. Each 
new patient consecutively seen at the Stanford Sleep Medicine 
Center or Stanford Primary Care will be informed about the 
study, and will also be apprised that he or she will be consenting 
to grant access to any and all clinical data collected during his or 
her evaluation and treatment to study personnel. A sleep medi-
cine-trained nurse will assist in the screening and recruitment of 
patients at Stanford Primary Care. The patient will be notified 
that the study is a randomized trial and he or she could be as-
signed to either the CONV or PCCM arms, and will be followed 
for at least 1 y within the 3-y duration of the study. If he or she 
agrees to participate, informed consent will be obtained, he or 
she will be randomized to one of the study arms, detailed in-
struction about the study activities will be provided, and the pa-
tient will be asked to adhere to the study protocol, related to the 
diagnosis and treatment of his or her specific sleep disorder(s).

The patient catchment area of the Stanford Sleep Medicine 
Center and Stanford Primary Care is predominantly within the 
county of Santa Clara, CA, USA. Based on the 2010 United 
States Bureau of the Census data estimate, the population ≥ 18 
y of age in this county (1,352,097) is 49.8% female and racially/
ethnically diverse with 35.7% minorities, which compares fa-
vorably with the national data (50.8% women and 27.6% mi-
norities). The estimated proportion of sleep disorders diagnosed 
in our patient population are: sleep related breathing disorders 
(77%), insomnias (10%), sleep related movement disorders (5%), 
circadian rhythm sleep disorders (3%), parasomnias (3%), and 
narcolepsy and other hypersomnias (2%). We would expect that 
our patient population is demographically and diagnostically 
representative of other communities; however, we can adjust for 
selection bias through analyses53,54 that weight clinical and de-
mographic subpopulations within our sample to match the dis-
tribution of patients across these subpopulations nationwide (see 
section on Selection Bias in the supplemental material).

Outcomes
The goals of this study are to provide better overall patient 

care and to improve the health of patients while controlling 
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cost. In this light, there are two primary endpoints and a sec-
ondary endpoint associated with these goals (Table 2). The pri-
mary endpoint of improved health care performance or better 
care in SMART DOCS will use a survey developed within 
the Consumer Assessment of Healthcare Providers and Sys-
tems (CAHPS)55 program of the AHRQ, which asks patients 
to evaluate their experiences with health care, such as the com-
munication skills of providers and ease of access to health care 
services. Specifically, the patients’ global rating of the provider 
will be taken from the CAHPS Clinician and Group Survey 
(CGCAHPS) Adult 12-Month Questionnaire 2.0. The CAHPS 
Proportional Scoring Method to Clinician and Group Survey 
Composites will be used to score these results.55 Secondary 
CAHPS variables will include: (1) items from the CGCAHPS 
Adult 12-Month Questionnaire 2.0 on “How Well Providers (or 
Doctors) Communicate with Patients,” and (2) items from the 
CGCAHPS Health Information Technology Item Set.

The primary endpoint to assess improved health will be the 
Vitality Component Summary Score on the Short Form (SF)-36 
v.2 Health Survey.56 The SF-36 is a psychometrically validated 
measure used to assess perceived health in the prior 4 w, which 
will be administered after 12 mo of treatment to all participants. 
Data from the SF-36 can be used to generate a SF-6D score, 
a preference-based health utility index. Other secondary end-
points include disorder-specific severity measures as contained 
in the ASQ and the FOSQ-10 (Table 2).

For the secondary endpoint of cost containment, we will 
track the out-of-pocket costs of administering each pathway, 
including costs of the treatment, but excluding research data 
collection from survey instruments as well as related personnel 
time and other cost factors not related to patient care. In both 

approaches, we will track out-of-pocket healthcare costs for 
participants focusing particularly on costs associated with all 
outpatient visits, emergency department visits, and inpatient 
stays during the study period. With these data, out-of-pocket 
costs of treatment as well as the health care utilization between 
pathways can be compared. Other secondary endpoints are 
listed in Table 2, and the statistical methods are described in 
the section on Statistical Methodology for Data Analyses in the 
supplemental material.

EFFECT OF THE PCCM APPROACH ON HEALTHCARE 
PERFORMANCE

We hypothesize that the more efficient and convenient use of 
time, resources, and personnel in the PCCM approach will trans-
late to improved delivery of care. In addition to the emphasis on 
new tests and technologies, expansion of the roles of allied health 
professionals and increased communication with PCP staff are 
major aspects of the PCCM approach. The care for many sleep 
disorders patients is a natural extension of traditional nursing care, 
requiring some additional knowledge, but utilizing traditional 
nursing methods and skills that generalize well to sleep medicine. 
The sleep medicine-trained nurse in this study will assist PCPs 
in the screening and diagnosis of sleep disorders in their patients, 
monitor outcomes and adverse events, provide cognitive behav-
ioral treatment for their patients with insomnia, and assist PCPs 
and patients in using the patient-provider web portal especially 
with respect to assessing treatment efficacy, adherence, and next 
steps. Additionally, there are more than 15,000 registered sleep 
technologists in the United States and several thousand more 
who are employed but awaiting certification. These technologists 
are primarily responsible for conducting in-laboratory PSGs, 

Figure 1—SMART DOCS Conventional Diagnostic and Treatment Outpatient Medical Care (CONV) Arm vs. Patient-Centered Outcomes and Coordinated-
Care Management (PCCM) Arm. PCP, primary care physician.
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but due to rapidly evolving technology in out-of-center sleep 
testing, it is anticipated that the number of these in-laboratory 
studies will significantly decrease within the next decade. This 
in turn will likely decrease the need for technologists to conduct 
in-laboratory procedures; however, these knowledgeable and 
skilled individuals can be rapidly reassigned to modified roles 
with minimal training. The PCCM approach will utilize sleep 
technologists to enhance care delivery and to serve as a resource 
for PCPs in the long-term comanagement of sleep disorders with 
sleep specialists. Specifically, sleep technologists will provide 
the setup and data collection for home testing in the diagnosis 
of sleep related breathing disorders, colead small-group classes 

with nurses for patients who have questions or issues with major 
treatment modalities, aid in patient treatment effectiveness and 
adherence issues, and assist in the collection and analysis of 
data from new diagnostic and treatment outcomes. For example, 
sleep technologists will contact patients with OSA shortly after 
they initiate PAP treatment to address any issues and concerns, 
and will recontact them at time intervals of 1 mo, 3 mo, and 6 
mo, as necessary, until all problems are resolved. The enhanced 
teaching role of technologists is compatible with their frequent 
roles as educators in A-STEP (Accredited Sleep Technology Ed-
ucation Program), AWAKE (Alert, Well, and Keeping Energetic) 
groups, and clinical interactions with patients. It is our belief that 

Table 1—Description of SMART DOCS sleep disorder management arms.

CONV arm
Sleep related 

breathing 
disorders

Narcolepsy 
and other 

hypersomnias Insomnias
Circadian rhythm 
sleep disorders Parasomnias

Sleep related 
movement 
disorders

Diagnosis Various questionnaires to aid In diagnosis of all disorders
PSG MSLT or CSF 

HCRT
H&P H&P PSG H&P,

RLS Ferritin,
PSG

Treatment PAP, UA surgery, 
OA

Medical 
management

Medical 
management

or CBTI

Medical 
management

(followed by CBTI if 
needed)

Medical 
management

Medical 
management

Other: 
diagnosis 
or treatment 
assessment

Sleep diaries Sleep diaries

PCCM arm
Sleep related 

breathing 
disorders a

Narcolepsy 
and other 

hypersomnias a Insomnias a
Circadian rhythm 
sleep disorders a Parasomnias a

Sleep related 
movement 
disorders a

Diagnosis ASQ to aid in diagnosis of all disorders
OCST or PSG with 

BPM
PSG short REM 

latency
MSLT or CSF 

HCRT

H&P H&P OCST or PSG H&P,
RLS Ferritin, PSG 

of PLMS with 
BPM, Portable LM 

recorder
Treatment APAP, UA surgery, 

OA
Medical 

management
Stepped care 
CBTI medical 
management

CBTI medical 
management

Medical 
management

Medical 
management

Other:
treatment 
assessment

OCST or PSG with 
BPM, PAP and OA 

adherence, OA 
selection,
Actigraphy 

Sleep diaries
Actigraphy

Sleep diaries
Actigraphy

Sleep diaries, 
Actigraphy

Actigraphy RLS Ferritin, PSG 
of PLMS with BPM,

Portable LM 
recorder

Other:
tests

ASQ severity scales a 
Genetics, DRA, 

CRP
Genetics Genetics Genetics, Salivary 

DLMO assay
Genetics Genetics

a Items in these columns: patient-provider report access via web-based portal. APAP, autotitrating positive airway pressure; ASQ, Alliance Sleep Questionnaire; 
BPM, blood pressure monitoring; CBTI, cognitive behavioral therapy for insomnia; CONV, Conventional Diagnostic and Treatment Outpatient Medical Care; 
CRP, C-reactive protein; CSF, cerebrospinal fluid; DLMO, dim light melatonin onset; DRA, diabetic risk assessment (including lipids, glucose, insulin); 
H&P, history and physical examination; HCRT, hypocretin; LM, limb movement; MSLT, multiple sleep latency test; OA, oral appliance; OCST, out-of-center 
sleep test; PAP, positive airway pressure; PCCM, Patient-Centered Outcomes and Coordinated-Care Management; PLMS, periodic limb movements of 
sleep; PSG, polysomnogram; REM, rapid eye movement; RLS, restless legs syndrome; UA, upper airway.
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the integration of sleep medicine-trained nurses and sleep tech-
nologists into the primary care setting will improve access to care 
and the management of patients with sleep disorders.

EFFECT OF THE PCCM APPROACH ON PATIENT EXPERIENCE
The PCCM approach for sleep medicine has been developed 

in direct response to our patients’ needs and reflects the type of 
approach that our patients consider desirable. Our review of the 
Press Ganey quality of care data from the Stanford Sleep Medi-
cine Center consistently reveals that the top three desires of our 
patients are better access to care, improved access to their re-
cords, and more information about their diseases. We believe 
that the PCCM approach will meet these patient needs and that 
our approach is patient centered in that it serves to address the 
following key patient-centered questions posed by PCORI.57 

Given My Personal Characteristics, Conditions, and Preferences, 
What Should I Expect Will Happen to Me?

Through the use of technology and reallocation of healthcare 
personnel time, the PCCM approach provides a more tailored 
and customized method for patient care delivery that places 
more information and results related to the patient’s care in the 
patient’s hands. For example, a patient will be able to access 
personalized information about his/her sleep disorder and treat-
ment, as well as longitudinal therapeutic effectiveness and ad-
herence data. Educational materials regarding sleep disorders 
will also be available on the secure web portal. Access to this 
type of information will enable the patient to be more informed 
about his/her condition, and these data plus the new web portal 
will permit collaboration between the patient, PCP, and sleep 
specialists to assist the patient in determining the ongoing suc-
cess or limitations of the current treatment.

What Are My Options and What Are the Potential Benefits and 
Harms of Those Options?

The PCCM approach will allow the patient to evaluate var-
ious treatment options through small group classes with other 
sleep medicine patients and by visits with the PCP, sleep spe-
cialist, and allied health professionals as well as through re-
view of educational content on the web portal. These avenues 

of information will allow thorough discussions of the potential 
benefits and limitations of the various treatment options so that 
the optimal management plan is selected.

What Can I Do to Improve the Outcomes That are Most 
Important to Me?

Our team firmly believes that one of the primary ways to 
improve outcomes is through extended and readily accessible 
knowledge about the disorder and current/new treatments. The 
sharing of information between the patient and his/her pro-
viders as well as the comprehensiveness of the results and re-
ports available to the patient through the PCCM approach will 
offer the patient the best chance in improving his/her outcomes.

How Can Clinicians and the Care Delivery Systems in Which 
They Work in Help Me Make the Best Decisions About My Health 
and Health Care?

SMART DOCS is expected to demonstrate several methods 
of providing results and information to patients, including from 
home-based devices, a secure web portal, and discussions with 
their PCPs, specialists, and allied health professionals through 
visits and group settings. The sharing of these results between 
the patient and his/her providers ensures that they are up to date 
regarding the patient’s health status and thus are in the best 
position to make a collaborative decision about the patient’s 
health and healthcare needs.

SUMMARY
It is our team’s hope that SMART DOCS will lead to mean-

ingful improvements in patient health and quality of care by 
transforming the manner in which patients with sleep prob-
lems are currently diagnosed and managed, via a new PCCM 
approach that is designed to be sustainable, effective, and 
exportable to other academic institutions, hospitals, private 
practices, free-standing sleep centers, and rural communities. 
We realize that there is a delicate balance in the management 
approach of patients with sleep disorders in avoiding path-
ways that are either too narrow or “one size fits all.” Rather, 
the goal is to develop pathways that might aid the clinician 
in managing the majority of his or her patients, and to use 

Table 2—SMART DOCS primary and secondary endpoints.

Effect on improved healthcare performance
Primary endpoint: Consumer Assessment of Healthcare Providers and Systems Clinician and Group Survey (CGCAHPS) Global Provider Rating55  
Secondary endpoint: Items on “How Well Providers (or Doctors) Communicate with Patients” (Questions Q14, 15, 17–20)
Secondary endpoint: Items on the CGCAHPS Health Information Technology Item Set

Effect on improved health
Primary endpoint: Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) Vitality Component Summary Score58–60

Secondary endpoint: SF-6D Health Utility Index59,61–66

Secondary endpoint: Functional Outcomes of Sleep Questionnaire-10 (FOSQ-10)67

Secondary endpoint: Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) Physical Component Summary Score58–60

Secondary endpoint: Alliance Sleep Questionnaire (ASQ) Disorder Specific Measures
Epworth Sleepiness Scale (ESS, normative value 12.0 ± 4.0)58–60,68

Insomnia Severity Index (ISI, normative value 20.0 ± 5.0)8,69

International Restless Legs Syndrome Study Group Rating Scale (IRLS, normative value, 22.0 ± 8.7)70,71

Effect on cost containment
Secondary endpoint: Out-of-pocket costs
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feedback from stakeholders and the larger sleep medicine 
community to further enhance these pathways. The selection 
of the methods, algorithms, and tools to be tested in the PCCM 
arm were considered by our Core Team as having the highest 
likelihood of improving patient health and quality of care by 
providing patients greater access to personalized results and 
relevant outcomes, and ultimately placing the patient more in 
control of his or her choice of treatment. These processes, in 
turn, have been subject to ongoing review and revision by our 
22-member SMART DOCS Stakeholder Team, composed of 
patients, patient advocacy/support group leadership, providers 
from various disciplines and practice settings, leadership from 
professional organizations relevant to sleep medicine, and 
industry (medical device and pharmaceutical manufacturers/
suppliers) leadership (see section on Stakeholder Team in 
the supplemental material). It is anticipated that the PCCM 
approach and other new approaches for sleep medicine will 
help remedy the current inefficiencies and gaps in effective 
patient care delivery by enabling providers and patients access 
to specific and relevant information and educational resources, 
thereby enabling patients to make more informed health care 
decisions and allowing providers to assist patients in achieving 
their preferred outcomes.
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SUPPLEMENTAL MATERIAL

Sample Size Estimation
We will enroll 1,833 patients and randomize 1,506 to obtain 

a final sample of 1,054 randomized participants each followed 
for at least 1 y in SMART DOCS. Estimates for prerandom-
ization (20%) and postrandomization (30%) participant losses 
are based upon our National Heart, Lung,and Blood Institute 
(NHLBI)-supported Apnea Positive Pressure Long-term Ef-
ficacy Study (APPLES). A sample size of 1,054 is feasible 
for this pilot trial given our current estimated annual new pa-
tient volume of 4,920 at Stanford. Effect size was defined as 
d = (m1 – m2) / sd, where m1 and m2 are the respective means 
of the two groups and sd is their common within-group stan-
dard deviation. A small effect size was defined as d = 0.2, per 
standards provided by Cohen.1 We will assume that this effect 
size holds for our primary outcomes of improved health care 
performance and health and that these two outcomes are mod-
erately correlated (ρ = 0.5). For each outcome, means will be 
compared using a two-tailed, two-sample t-test,2 with correc-
tion for unequal variances, if necessary. Type I error rate will 
be controlled at 5% across the two primary hypotheses using 
the method of Holm.3 Based on ten-thousand simulations per-
formed in R,4 a sample size of 527 per group (1,054 total com-
pleters) is required to obtain 88% power.

Statistical Methodology For Data Analyses
“Study arm” refers to the Conventional Diagnostic and Treat-

ment Outpatient Medical Care (CONV) approach versus the Pa-
tient-Centered Outcomes and Coordinated-Care Management 
(PCCM) approach. Randomization will be 1:1 to study arms 
using a permuted block design, with 251 patients per block; 
randomization will not be stratified. Simulations estimate that 
randomization of the planned 1,506 recruited participants along 
with the anticipated 30% post-randomization random dropout 
will achieve approximately the randomization goal of 1,054 
completers (Figure S1) and result in good balance between 
study arms (Figure S2).

Baseline Analyses
Demographic and other baseline features will be compared 

between study arms. These two-group comparisons will em-
ploy t-tests with correction for unequal variances as needed. 
Categorical variables, including dichotomous factors, will be 
summarized as percentages that will be compared between 
arms using chi-square tests, two-sample t-tests,2 or Boschloo 
exact unconditional tests,5 depending on the smallest expected 
cell sizes. Categorical variables, including dichotomous factors, 
will be summarized as percentages that will be compared be-
tween arms using chi-square tests or Boschloo exact uncondi-
tional tests,5 depending on the smallest expected cell sizes.

Primary Analyses
The primary endpoint of improved health care performance 

will be assessed by the proportion of patients answering with a 
“9” or “10” on an 11-point scale (where 0 is the worst provider 
possible and 10 is the best provider possible) for the patients’ 
global rating of the provider from the CAHPS Clinician and 

Group Survey (CGCAHPS) Adult 12-Month Questionnaire 
2.0. This dichotomized outcome will be logistically regressed 
on study arm. Hypothesis testing will employ a Wald statistic 
(t-test). In secondary analyses, random intercepts will be em-
ployed for providers to account for possible nesting of patients’ 
responses within providers; and the CGCAHPS global rating 
score without dichotomization, will be regressed on study arm 
using a finite mixture6 of binomial distributions with random 
intercepts employed for providers. A finite mixture is recom-
mended because the CGCAHPS global rating score is likely 
to have a non-standard distribution. Binomial distributions will 
be employed because the CGCAHPS global rating score is dis-
crete and bounded above by a positive integer and below by 
zero. Means of the component binomial distributions will be 
formulated in terms of the same regression coefficient for study 
arm (but different intercepts), a parsimonious model structure 
that will facilitate interpretation. Hypothesis testing for sec-
ondary analyses will also employ a Wald statistic (t-test).

For the primary endpoint of improved health, the vitality 
scale score for improved health from the SF-36 will be col-
lected at baseline and end-of-study. Analysis will parallel that 
for the CGCAHPS global rating score with the addition of base-
line score as a covariate. Baseline value will be centered and 
scaled7 via subtracting the sample mean and dividing that dif-
ference by the sample standard deviation prior to analysis in 
order to improve numerical stability of the fitting algorithm. A 
finite mixture of binomial distributions is recommended here 
as well because the distribution of vitality scale scores may be 
complex with some floor and ceiling effects (Table 7 in Gandek 
et al., 1998).8

Secondary Analyses
All secondary outcomes are longitudinal, with measurement 

planned at more than two visits per person. Regression anal-
yses will be performed using generalized linear mixed models 
(GLMM),9 with regression of longitudinal outcome values on 
study arm, baseline value, and visit. Baseline value will be cen-
tered and scaled7 as previously described. GLMMs are useful 
because they accommodate a wide variety of parametric out-
come distributions. To account for the repeated-measures struc-
ture, each GLMM model will include a random intercept for 
patient. A random intercept will be employed for provider to 
account for nesting of patients’ responses within providers.

For the secondary endpoint of out-of-pocket cost, because 
within either arm, some individuals may have out-of-pocket 
costs that are much larger than most other participants (e.g., 
emergency surgical intervention), we will compare mean cost 
between arms using finite mixture models.6 To be thorough, 
as a secondary analysis, we will also compare arms in a more 
generalized fashion by comparing out-of-pocket cost deciles 
between arms using quantile regression,10 as this may identify 
other cost disparities not revealed by the comparison of means. 
If the PCCM treatment arm proves associated with reductions 
in out-of-pocket health care costs, we will also perform a more 
in-depth assessment of the nature of this reduction in relation-
ship to changes in health care utilization..
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Special Analyses
The effect of CONV versus PCCM care on the primary out-

comes may vary depending on diagnostic category, which will 
have direct bearing on the exportability and expandability of 
this study’s findings. Some of these diagnostic categories are 
more prevalent than others. As a result, sample sizes will vary, 
causing corresponding variation in the reliability of diagnostic 
category-specific estimates of the effect of CONV versus 
PCCM. A special statistical study will be performed and sepa-
rately published that is aimed at improving the reliability of 
diagnostic-category specific estimates, particularly through ex-
ploration of statistical shrinkage techniques, such as empirical 
Bayes.11 In addition, time permitting, special statistical studies 
may be conducted to permit a more fine-grained assessment 
of health as an outcome and collectively across diagnoses. For 
each major diagnostic category, a mathematical model will be 
derived, in consultation with the study’s clinical team, of the 
biological process of disease progression and remission. These 
models will be stochastic12 to allow for the inherent variability 
in disease status. These models will be fit using normalized 
measures of disease status, where normalization will be accom-
plished using either published norms or norms derived from 
those who entered the study but were not of sufficient severity 
to receive a diagnosis.13 The intent of normalization is to permit 
assessment of longitudinal trends in disease status across all 
diagnoses.

Because levels of web portal use may vary, in secondary 
analyses randomization assignment will be employed as an 
instrument14 for adherence to assess the causal relationship be-
tween level of web portal use and outcome.

Retention and Missing Data
Retention fractions and reasons for loss to follow-up may 

differ between arms. Losses may be caused by voluntary 
withdrawal, medical disqualification, or death. Cumulative 
incidences of each of these three competing risks will be com-
pared between study arms via modeling of their subdistribution 
hazards.15

For primary analyses, data will be treated as missing com-
pletely at random. Time permitting, secondary analyses will 
explore use of multiple imputation under the assumption that 
data are missing at random and, separately, using selection 
modeling16 for cross-sectional analyses and correlated random 
effects for longitudinal analyses17 under the assumption that 
data are missing not at random.

General Considerations
For all the aforementioned regression analyses, to minimize 

loss in statistical power due to collinearity and to avoid numer-
ical computational problems, study arm and randomization fac-
tors will be orthogonally coded7 prior to fitting the regression 
model. Random effects will be estimated via adaptive gaussian 
quadrature and replaced by either conditioning18 or fixed effects 
if indicated by a Hausman-Wu test.19

Results of hypothesis testing will be declared nominally sig-
nificant for attained significance levels of P ≤ 1/20. For ref-
erence, multiple-comparison adjusted P values will also be 
calculated across all primary and, separately, across all sec-
ondary outcomes using the sequential adjustment method of 
Holm,3 which is preserving of statistical power and applicable 
to a set of nonindependent tests.

Possible Limitations

Selection Bias
The recruitment of patients from one of the largest tertiary 

referral academic sleep centers that receives patients referred 
from diverse locales, practice settings, and medical specialties 
will provide a representative sample of patients with sleep dis-
orders. The enrollment of consecutive patients seen by sleep 
specialists and primary care physicians, use of broad inclusion 
criteria with no exclusion criteria, and random assignment to 
the CONV or PCCM arms will minimize potential patient se-
lection bias. However, some self-selection bias may occur be-
cause patients can choose not to sign informed consent and thus 
not participate in the study. We can adjust for selection bias 

Figure S1—Distribution of quantity of completers across 2,500 simulated 
permuted-block randomizations (block size = 251) of 1,506 patients with 
30% postrandomization random dropout.

Figure S2—Distribution of proportion assigned to PCCM approach 
across 2,500 simulated permuted-block randomizations (block size = 
251) of 1,506 patients with 30% postrandomization random drop-out.
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through analyses that weight clinical and demographic subpop-
ulations within our sample to match the distribution of patients 
across these subpopulations nationwide.20,21

Attrition Bias
Close monitoring of the patients while they are enrolled in 

the study will minimize dropouts. Differential dropout is pos-
sible (e.g., fewer participants exiting the study in the PCCM 
versus CONV arm because of the new tools, enhanced patient 
resources, etc. in the PCCM arm) (see section on Retention 
and Missing Data), but unlikely because the CONV arm is the 
standard-of-care approach in our center. Additionally, we will 
explore the impacts of any differential dropout using the sensi-
tivity analyses described in Todem et al.22 The Data Coordinating 
Center (DCC) (see section on Study and Data Governance) will 
implement live online enrollment and randomization reports 
that were developed for the Agency for Healthcare Research 
and Quality (AHRQ)-supported Comparative Outcomes Man-
agement with Data Technology (COMET) Study, and the DCC 
will be responsible for ensuring that recruitment, enrollment, 
and randomization are on track. Additionally, the use of new 
technology such as the electronic measures of patient adher-
ence to positive airway pressure and oral appliances to be used 
in this study will enable quick and accurate assessment of ad-
herence to therapy, allowing the providers to rapidly identify 
and remedy the source of any potential reduction in adherence 
on the part of the subject. Based on our prior NHLBI-supported 
APPLES, we estimate prerandomization and postrandomiza-
tion dropout rates of 20% and 30%, respectively, for the study 
(see section on Sample Size Estimation).

Missing Data
We have an experienced DCC that was established 15 y ago, 

which has developed methods and procedures for minimizing 
data loss and handling missing data (see section on Retention 
and Missing).

Outcome Data Comparisons
The primary outcomes selected for this study have normative 

and other population datasets that can be used for comparisons 
of the data collected from our CONV and PCCM populations.

Study and Data Governance
The organization of the study and the management of the 

trial are depicted in Figure S3.
The roles and responsibilities of the individuals (see Ac-

knowledgments for names and affiliations) participating in the 
proposed study are outlined below.

Administrative Core
The primary function of the Core is to serve as the admin-

istrative and communications hub for the study. This includes 
responsibilities such as: (1) organizing conference calls, meet-
ings, and training sessions; (2) ensuring subject safety and 
compliance with the institutional review board; (3) developing 
mechanisms to ensure a smooth transfer of data between the 
site and the DCC; (4) ensuring compliance with deadlines, pro-
tocols, and procedures (e.g., subject recruitment, randomiza-
tion); and (5) monitoring federal regulatory compliance, fiscal 
and personnel management, and development of conflict-of-
interest policies. Most importantly, the Core is responsible in 
maintaining the scientific integrity, cooperation, and morale 
among the staff and stakeholders of the study.

Patient-Centered Outcomes Research Institute (PCORI)
The PCORI program officer is responsible for the oversight 

of the conduct of the study, and will monitor study progress by 
regular communication with the Principal Investigator and the 
Data and Safety Monitoring Board.

Data and Safety Monitoring Board (DSMB)
The roles of the DSMB are to ensure the safety of the pa-

tients and the scientific integrity of the study by monitoring the 

Figure S3—SMART DOCS Organizational Chart.
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study participants, supervising the safety and quality control 
activities of the DCC, and recommending modifications of the 
clinical trial protocol. The DSMB will work closely with the 
Core Team and the DCC.

Data Coordinating Center (DCC)
The DCC serves as an independent unit within our study or-

ganization. The main function of this center is to serve as the 
central organizing site for all data collected and reviewed for 
the proposed study. The DCC was established 15 y ago and 
has participated in multiple studies, including the NHLBI-sup-
ported APPLES and the AHRQ-supported COMET Study.

Clinical Center (CC)
The CC is responsible for conducting the clinical trial and the 

proper execution of the study protocol. The CC personnel are 
under the direct supervision of the SMART DOCS Core Team, 
who ensure that the staff complies with the study schedule, 
treats the patients in a respectful and courteous manner, collects 
the data in an efficient and careful manner, performs meticulous 
and reliable data entry, and maintains communication of data 
with the DCC.

Consultants (CC)
These other investigators, clinicians, and industry leadership 

provide specialized expertise in the diverse areas of circadian 
rhythms, endocrinology, informatics, product development, 
electronic questionnaires, and web design.

Stakeholder Team
In order to accomplish its goals, SMART DOCS will es-

tablish partnerships with multiple stakeholders, who will be 
directly engaged as part of the study and who perform an in-
tegral role in assessing the methods, algorithms, and tools in 
this project. Active participation of stakeholders is necessary 
to review and provide feedback on the PCCM approach during 
the progress of the study, to determine the best structure and 
communication pathways to ensure success and sustainability 
of this multistakeholder involvement model, to guide the ex-
ploration of use of newer electronic self-tracking and social net-
working methods, and to establish plans to disseminate, expand, 
and export the PCCM approach to other medical disciplines 
and practice settings. The SMART DOCS Stakeholder Team 
is composed of 22 members: (1) Patients and Patient Repre-
sentatives: Patients from our current patient population and 
representatives from local and national patient advocacy and 
support groups ensure that the patient always has access to his/
her data and control of care with our approach. (2) Providers: 
Providers from various disciplines and practice settings allow 
the successful repurposing of these approaches to other areas 
of medicine, and will be engaged for applicability of our ap-
proach to various practice settings (e.g., academic institutions, 
large hospital and physician networks, private practices). (3) 
Professional Organization Leadership: The leadership from or-
ganizations relevant to sleep medicine will assist in the rapid 
dissemination of the findings to their respective organizations. 
(4) Industry - Medical Device and Pharmaceutical Manufac-
turers/Suppliers Leadership: The leadership from medical man-
ufacturers of diagnostic/therapeutic devices, a durable medical 

equipment provider, and a pharmaceutical company will pro-
vide an industry perspective on our approach.

Dissemination Plan
We plan to disseminate descriptions of this approach and the 

results of the study through upcoming APSS meetings as well as 
other national and international meetings associated with sleep 
medicine and research. We will also rely on the three members 
of our Core Team and several consultants on the 22-member 
SMART DOCS Stakeholder Team who hold or have held lead-
ership positions within the two main professional organizations 
of sleep medicine and research, the American Academy of Sleep 
Medicine and the Sleep Research Society, to assist in the dis-
semination of this approach. In addition, we plan to utilize our 
entire Stakeholder Team to further disseminate our approach 
to their respective specialties and organizations. In particular, 
the collective background and knowledge of the Stakeholder 
Team not only within the field of sleep medicine, but also in the 
patient experience, industry relationships, leadership, and other 
areas of medicine will help the Core Team best decide which 
components of the approach are most applicable to a given set-
ting or medical discipline. The Core Team will also ensure that 
PCORI and the EDM (Evidence, Data, and Methods to Build 
Learning Health Systems of the Future) Forum, of which the 
SMART DOCS PI is a Steering Committee Member, will also 
provide a means of dissemination. Last, many members of the 
Core and Stakeholder Teams participate in the Sleep Research 
Network (SRN). The SRN conferences have attracted repre-
sentatives from many of the current Clinical and Translational 
Science Award (CTSA) institutions, and, as it provides a forum 
for the leadership of sleep centers to become aware and in turn 
disseminate and transform new research findings into clinical 
practice, it will be an important vehicle for disseminating our 
approach and findings.
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